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Abstract

Background: Despite having a 92% concentration of saturated fatty acid composition, leading to an apparently
unfavorable lipid profile, body weight and glycemic effect, coconut oil is consumed worldwide. Thus, we conducted
an updated systematic review and meta-analysis of randomized clinical trials (RCTs) to analyze the effect of coconut
oil intake on different cardiometabolic outcomes.

Methods: We searched Medline, Embase, and LILACS for RCTs conducted prior to April 2022. We included RCTs that
compared effects of coconut oil intake with other substances on anthropometric and metabolic profiles in adults
published in all languages, and excluded non-randomized trials and short follow-up studies. Risk of bias was assessed
with the RoB 2 tool and certainty of evidence with GRADE. Where possible, we performed meta-analyses using a
random-effects model.

Results: We included seven studies in the meta-analysis (n=515; 50% females, follow up from 4 weeks to 2 years).
The amount of coconut oil consumed varied and is expressed differently among studies: 12 to 30 ml of coconut oil/
day (n=5), as part of the amount of SFAs or total daily consumed fat (n=1), a variation of 6 to 54.4 g/day (n=5), or
as part of the total caloric energy intake (15 to 21%) (n=6). Coconut oil intake did not significantly decrease body
weight (MD -0.24 kg, 95% CI -0.83 kg to 0.34 kg), waist circumference (MD -0.64 cm, 95% Cl -1.69 cm to 0.41 cm), and
% body fat (-0.10%, 95% Cl -0.56% to 0.36%), low-density lipoprotein cholesterol (LDL-C) (MD -1.67 mg/dL, 95% Cl
-6.93 to0 3.59 mg/dL), and triglyceride (TG) levels (MD -0.24 mg/dL, 95% Cl -5.52 to 5.04 mg/dL). However, coconut oil
intake was associated with a small increase in high-density lipoprotein cholesterol (HDL-C) (MD 3.28 mg/dL, 95% Cl
0.66 to 5.90 mg/dL). Overall risk of bias was high, and certainty of evidence was very-low. Study limitations include
the heterogeneity of intervention methods, in addition to small samples and short follow-ups, which undermine the
effects of dietary intervention in metabolic parameters.
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Conclusions: Coconut oil intake revealed no clinically relevant improvement in lipid profile and body composition
compared to other oils/fats. Strategies to advise the public on the consumption of other oils, not coconut oil, due to

proven cardiometabolic benefits should be implemented.

Registration: PROSPERO CRD42018081461.

Keywords: Coconut oil, Saturated fatty acids, Lipid profile, Anthropometric profile

Background

Cardiovascular disease (CVD), particularly coronary
heart disease and stroke, is a major public health prob-
lem, being responsible for one-third of deaths world-
wide [1-4]. Despite the great effort of different scientific
organizations to fight against the burden of major risk
factors for CVD, it is estimated that 11 million deaths
and 255 million disability-adjusted life-years are attribut-
able to dietary risk factors [5-8].

The impact of different types of dietary fats on health
has been studied, and its contribution to the develop-
ment of diseases, causing major burden, such as diabe-
tes, cardiovascular diseases and cancer has been debated
[6, 9]. A recent report from the American Heart Asso-
ciation based on different prospective cohort studies,
randomized clinical trials (RCTs), and meta-analyses
estimated that replacing 5% of energy intake of saturated
fatty acids (SFAs) with the same intake of polyunsatu-
rated fatty acids (PUFAs) or monounsaturated fatty acids
(MUFASs) was associated with a 25 and 15% lower risk of
coronary heart disease, respectively [6]. In light of this
evidence, the most recent Dietary Guidelines for Ameri-
cans recommend a reduction in SFAs to less than 10%
of calories and their replacement with unsaturated fats
[10]. Additionally, recent data from long-term prospec-
tive cohorts and meta-analyses have shown that these
recommendations are associated with weight gain pre-
vention and reduction of insulin resistance and risk for
diabetes [11-15].

Despite that, coconut oil, which is more than 90% SFA,
has been widely recommended on social media for the
management of obesity, diabetes, and lipid disorders,
broadening its consumption all over the world [16-18].
In increasing demand, the estimated consumption of
coconut oil in the United States reached 400,000 tons in
2010 [19]. Nonetheless, before the recent rise in coconut
oil consumption in western countries, it was only mainly
present in some Asian populations’ diets [20-22].

A recent systematic review showed that lauric, myris-
tic, and palmitic fatty acids—the major components of
coconut oil—are responsible for the highest increase
in low-density lipoprotein cholesterol (LDL-C) levels,
which is a major risk factor for CVD [19]. Unlike other
types of oils which were consistently proven to prevent
weight gain, diabetes, CVD, and mortality [23-25],

studies that analyzed how coconut oil intake affects
weight, lipid and glycemic levels are mostly based on
small, short-term observational studies and clinical trials
[16, 26, 27]. In addition, there are meta-analyses includ-
ing RCTs that have even demonstrated that coconut oil
intake increased LDL-C in comparison to non-tropical
vegetable and animal oils and did not observe differences
in TG levels [28, 29].

Due to the popularity of coconut oil as a “healthy”
food, its broad dietary consumption has risen all over the
world. This has led to increasing difficulties to translate
medical and nutritional science into adequate recom-
mendations for physicians and health workers as well as
laymen. Given this context, we conducted an updated
systematic review and meta-analysis of RCTs investigat-
ing the effects of coconut oil intake on body weight and
composition, lipid profile, glycemic status, blood pres-
sure, and subclinical inflammation in adults.

Methods

This systematic review and meta-analysis was prospec-
tively registered on PROSPERO (CRD42018081461) and
was conducted in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 statement [30].

Search methods for the identification of studies

We searched the MEDLINE, EMBASE, and LILACS
databases to identify studies analyzing the effects of
coconut oil intake on weight, lipid and glycemic profiles,
blood pressure, and subclinical inflammation in adults
from inception to April, 2022, and searched www.clini
caltrials.gov for potentially available unpublished results
(Supplementary Appendix I). The references of relevant
systematic reviews were screened manually to identify
further relevant citations. When an article did not pre-
sent the results of interest, we contacted the authors by
email requesting the data.

Study selection and data extraction

Study inclusion and data extraction were conducted inde-
pendently (A.C.D., C.R.A., and C.A.). Reviewers resolved
discrepancies by discussion and, when necessary, with
adjudication by a third party (F.G.). Inter-rater agreement
was assessed using the Kappa statistic and percentage
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of agreement. Kappa statistic was calculated with SPSS
software (version 18.03; Chicago, USA). Data extracted
were reviewed and double checked by two independ-
ent authors (B.ES. and E.N.M.), who were blinded to the
objectives of the meta-analysis.

A standard protocol for data extraction was used,
including the following variables: number of participants,
study design, duration of the study, interventions, demo-
graphic data, age and sex, chronic disease status, as well
as exposures of interest before and after the interven-
tions. Data was extracted to assess the effects of coco-
nut oil on anthropometric profile (body weight, body
mass index, waist circumference and body composition),
lipid profile (LDL-C, HDL-C, total cholesterol [TC], TC/
HDL ratio and triglycerides), glycemic profile (glucose,
insulin, the homeostasis model assessment [HOMA]
p and HOMA-S, HOMA-IR and glycated hemoglobin
[HbA1c]), inflammatory profile (ultra-sensitive c-reac-
tive protein [US-CRP], fibrinogen, total homocysteine
[tcHcy], interleukins [IL] 1f, IL-6, IL-8 and interferon-
gamma [IFN- y]) and blood pressure (systolic blood pres-
sure and diastolic blood pressure).

Inclusion and exclusion criteria

Since our aim was to evaluate the isolated effect of coco-
nut oil with no influence of dietary pattern, we consid-
ered eligible only RCTs (both parallel group or crossover
randomized trials) which analyzed the effects of coconut
oil intake in comparison to other fats, oils, or placebos
on weight, lipid and glycemic profile, blood pressure, and
subclinical inflammation of adults (> 18 years) published
in all languages. We excluded non-randomized trials or
studies with follow-ups shorter than seven days. Studies
including patients with illnesses which affect metabolism,
studies on animals or in vitro, and studies testing coconut
products different from oils for intake were also excluded.

Assessment of risk of bias and quality of evidence

Two pairs of authors independently assessed the risk of
bias of each included trial using the revised Cochrane
risk-of-bias tool for randomized trials (RoB 2) [31]. RoB 2
plots were generated using the Risk-of-bias VISualization
(robvis) tool [32]. The overall certainty of evidence was
assessed using the Grading of Recommendations Assess-
ment, Development, and Evaluations (GRADE) [33].

Statistical synthesis

Data were synthesized both qualitatively and quanti-
tatively. To uniformly summarize the exposure data
extracted, we standardized the units of concentration
by applying standard conversion factors [34, 35]. Mean
differences were calculated for continuous outcomes.
For data collection, we prioritized intention-to-treat
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outcomes. Articles that expressed results as standard
error had the results transformed into standard devia-
tion. When a study did not express its results in a change
from baseline manner, changes from baseline were calcu-
lated by subtracting final values from baseline values in
each group and change from baseline standard deviations
were imputed using a correlation coefficient calculated
from the most similar study reported in considerable
detail, in accordance with Cochrane Collaboration rec-
ommendations [36]. Where possible (that is, when par-
allel RCTs provided the baseline and final values of each
outcome and when the crossover RCTs provided the
order of different interventions and the measures of the
variables of interest before and after each intervention),
data were pooled using a meta-analytic approach. A ran-
dom-effects model, with DerSimonian and Laird’s vari-
ance estimator, was used, and mean differences with 95%
confidence intervals were calculated. A p value <0.05
was considered statistically significant. We used I? sta-
tistics to assess the consistency of effects among studies
[37]. We did not assess publication bias with a statistical
test or funnel plot because such assessment is not rec-
ommended for sample sizes of less than 10 studies [38].
We used the statistical software R version 4.0.5 with the
meta-version 4.18—1 package for meta-analysis.

We planned to perform subgroup analyses regarding
the following factors: amount of coconut oil used, type
of control group, sex, age, body mass index, geographical
region where the study was conducted, studies in over-
weight/obesity subjects or in those with dyslipidemia,
time of follow-up, and study sample size. When subgroup
analysis of any forementioned factors was not possible
due to the low number of studies — thus precluding our
ability to quantitatively investigate the sources of hetero-
geneity —, this analysis was not performed and, therefore,
is not mentioned in the results section of this text.

Results

After screening 1,160 potentially relevant studies, 17 ful-
filled the selection criteria, of which seven studies were
included in the meta-analysis. Inter-rater agreement
assessed by the Kappa coefficient was 0.36 (% agreement:
91.1%) and —-0.09 (% agreement: 84%) for the record
screening and fulltext assessment stages, respectively.
Details of the study selection are presented in Fig. 1 and
Table S1.

The studies comprise 721 patients (age 18—68 years,
52% females) and follow-ups varied from one week to
two years. The studies were performed in Europe (n=2),
Asia (n=3), New Zealand (n=1), the United States
of America (n=7), and Brazil (n=4). In four studies,
coconut oil was compared predominantly to MUFAs
(olive and canola) [39-42], in 11 studies predominantly
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to PUFAs (soybean, chia, safflower, sunflower, and corn)
[16, 17, 26, 42—-49], and in six studies predominantly to
SFAs (lard, butter, and palm oil) [39, 40, 44, 50, 51], fol-
lowed by comparisons with soybean oil + psyllium, trans-
genic soybean, hydrogenated soybean, and a placebo in
one study each [18, 26, 45, 50]. The amount of coconut
oil consumed varied and is expressed differently among
studies (Table 1): 12 to 30 ml of coconut oil/day (n=5),
as part of the amount of SFAs or total daily consumed fat
(n=1), a variation of 6 to 54.4 g/day (n=>5), or as part of
the total caloric energy intake (15 to 21%) (n=6). Seven
studies included healthy individuals [18, 26, 39, 45, 48,
50, 51]; two included subjects with hypercholesterolemia
[41, 44]; four, with abdominal obesity, overweight, or
obesity [16, 42, 43, 49]; one, in postmenopausal women
[46]; and one, individuals with CVD [17]. The key char-
acteristics of all included studies are in Supplementary
Tables S2, S3, S4, S5, S6 and summarized in Table 1.

We contacted authors from 12 trials, of whom three
shared data with us (see Acknowledgments).

Trials reporting the effects of coconut oil on LDL-C
to HDL-C ratio, TG, TC/HDL-C ratio, glycemic con-
trol (fasting glucose and HbAlc levels) and blood glu-
cose regulation (insulin sensitivity and B-cell function),
blood pressure, and subclinical inflammation profile are
described in the Supplementary Appendix II. No differ-
ences in these parameters were found between coconut
oil intake and the different control oils/fats. A summary
of findings of the systematic review and meta-analysis is
presented in Table 2.

Coconut oil consumption and health outcomes
Anthropometric profile

Body weight Nine studies analyzed the effects of coco-
nut oil on body weight [16-18, 26, 39, 42, 43, 46, 51].
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Table 2 Summary of findings of the systematic review and meta-analysis
Outcome group Overall result, MD (95% Cl) Risk of Bias (RoB 2) Certainty
of evidence
(GRADE)
Anthropometric profile Body weight NS High Very low
Waist circumference NS Very low
Total body fat NS Very low
Lipid profile LDL-C NS High Very low
HDL-C +3.28 (0.66;5.9) Very low
Triglycerides NS Very low
TC/HDL-C NS Very low
Glycemic profile Fasting blood glucose NS High Very low
Inflammatory profile US-CRP NS High Very low

Abbreviations: MD Mean difference, CI Confidence interval, GRADE Grading of Recommendations Assessment, Development and Evaluations, NS Non-statistically
significant, LDL-C Low-density lipoprotein cholesterol, HDL-C High-density lipoprotein cholesterol, TC Total cholesterol, US-CRP Ultra-sensitive c-reactive protein

These studies included 533 participants (56.5% females,
18 to 68 years).

Six studies [16, 17, 39, 42, 43, 51] were included in the
meta-analysis. Overall, weight loss was similar for those
receiving coconut oil in comparison to those receiving
other oils or fat (Fig. 2a).

The changes in body weight with coconut oil were also
not significantly different in comparison to PUFA-rich
oils, SFA-rich oils/fats, and MUFA-rich oils (Fig. 2a).

We also performed subgroup analyses considering the
type of control group, gender, geographical region, stud-
ies in subjects with overweight/obesity, time of follow-up
(<1 year vs.>1 year), and the presence of co-interven-
tions. These analyses did not explain the heterogeneity
between groups and showed no changes in the direction
of the results (Supplementary Figures S1, S2, S3, S4, S5,
S6, S7, S8).

Additionally, two crossover studies found no differences
between the consumption of coconut oil and other oils
and fats on body weight [26, 46].

Waist circumference Seven studies analyzed the effects
of coconut oil on waist circumference [16, 39, 40, 42, 43,
46, 49]. These studies included 347 participants (80.1%
females, 23 to 66 years).

Five studies were included in the meta-analysis [16, 39,
42, 43, 49]. Overall, the effect of coconut oil on waist
circumference was not different in comparison to other
interventions (Fig. 2b).

In order to understand the heterogeneity found, we
performed a subgroup analysis. A small yet significant
reduction in waist circumference is perceived while
comparing the consumption of coconut oil with PUFA-
rich oils,) but not with MUFA-rich oils (Supplementary
Figure S9).

We also performed subgroup analyses considering the
type of control group, gender, geographical region, stud-
ies in subjects with overweight/obesity, and the presence
of co-interventions. These analyses did not explain the
heterogeneity between groups and showed no changes
in the direction of the results (Supplementary Figures S9,
S10, S11, S12, S13, S14, S15).

In one crossover study, the consumption of coconut oil
decreased waist circumference in comparison to saf-
flower oil [40].

Body composition Six studies analyzed the effect of
coconut oil on body fat distribution [16, 17, 39, 40, 46,
49]. These studies included 460 participants (35.4%
females, 29 to 68 years).

Five studies [16, 17, 39, 42, 49] were included in the meta-
analysis. Overall, the effect of coconut oil intake on total
body fat did not differ in comparison to other oils or fats
(Supplementary Figure S16). Additionally, in comparison
to PUFA- and MUFA-rich oils, the effect on total body fat
was not different (Supplementary Figure S17).

Only one crossover study analyzed the effect of coco-
nut oil on fat mass, including only postmenopausal
women (n=12, 100% females, 57.8 +3.7 years) [46]. The
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a) Body weight
Coconut oil Comparator
Author, year (control) Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Khaw 2018 (olive) 14 027 077 30 -0.04 0.84 0.31 [-0.19; 0.81] 13.6%
Candido 2021 (olive) 8 -142 192 19 -2.83 1.87 g— 1.41 [-0.16; 2.98] 7.3%
Assungao 2009 (soybean) 20 -1.10 1.33 20 -1.00 2.28 —~— -0.10 [-1.26; 1.06] 9.5%
Oliveira 2018 (soybean) 6 -7.40 122 19 -4.33 2.02 — -3.07 [-4.40; -1.74] 8.5%
Candido 2021 (soybean) 8 -142 192 17 -2.02 2.27 —— 0.60 [-1.11; 2.31] 6.6%
Vijayakumar 2015 (sunflower) 99 0.62 129 99 0.29 2.35 i 0.33 [-0.20; 0.86] 13.5%
Oliveira 2018 (chia) 6 -7.40 122 19 -5.63 1.74 - -1.77 [-3.02; -0.52] 9.0%
Oliveira 2018 (safflower) 6 -740 122 19 -6.41 2.03 — -0.99 [-2.33; 0.35] 8.5%
Schwab 1994 (palm) 15 0.20 1.08 15 0.10 1.85 —~— 0.10 [-0.98; 1.18] 10.0%
Khaw 2018 (butter) 14 027 0.77 33 0.04 1.00 N 0.23 [-0.30; 0.76] 13.5%
Random effects model 196 290 -0.24 [-0.83; 0.34] 100.0%
Heterogeneity: /2 = 76%, t* = 0.5985, p < 0.01 f I I I I
-10 -5 0 5 10
favor coconut oil  favor comparator
b) Waist circumference
Coconut oil Comparator
Author, year (control) Total Mean SD Total Mean SD Mean Difference MD 95%—ClI Weight
Khaw 2018 (olive) 14 129 331 30 059 3.25 ———~— 0.70 [-1.39; 2.79] 9.4%
Candido (2021) olive 8 -258 244 19 -3.98 2.88 T 140 [-0.73; 3.53] 9.2%
=
Assungado 2009 (soybean) 20 -1.40 1.90 20 0.60 242 —°— -2.00 [-3.35;-0.65] 12.0%
Oliveira 2018 (soybean) 6 -6.61 085 19 -3.58 1.12 - -3.03 [-3.88; -2.18] 13.6%
Vogel 2020 (soybean) 15 -1.61 289 14 -2.18 1.75 e 0.57 [-1.16; 2.30] 10.6%
Candido 2021 (soybean) 8 -258 244 17 -3.30 2.64 -1 0.72 [-1.39; 2.83] 9.3%
Oliveira 2018 (chia) 6 -6.61 085 19 -495 143 — -1.66 [-2.60; -0.72] 13.4%
Oliveira 2018 (safflower) 6 -6.61 085 19 -521 1.75 — -1.40 [-2.44;-0.36] 13.0%
<
Khaw 2018 (butter) 14 129 331 33 0.26 3.43 s 1.03 [-1.06; 3.12] 9.4%
R

Random effects model 97 190 -0.64 [-1.69; 0.41] 100.0%
Heterogeneity: 12 =80%), 1> = 1.9087, p <0.01 I I I I I

-10 -5 0 5 10

favor coconut oil

favor comparator

Fig. 2 Forest plots of RCTs analyzing the effects of coconut oil intake on the anthropometric profile. a body weight, kg; b waist circumference, cm.
Individual trial-specific estimates and their 95% Cls are indicated by the black dots and the horizontal line, respectively. The center of the diamonds
indicates the pooled estimates and the width of the diamonds indicate the corresponding 95% Cl
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comparator was safflower, and there was no difference in
body fat distribution between groups.

Two studies analyzed the effect of coconut oil on lean
mass (n=41, 29% females, 35-61 years) [46, 49]. The
comparators were safflower and soybean oils, and, once
again, coconut oil did not cause changes in lean mass in
comparison with other oils (Supplementary Table S2).

Lipid profile

LDL-C Seventeen studies analyzed the effects of coco-
nut oil on LDL-C [16-18, 26, 39-51]. These studies
included 515 participants (50% females, 18 to 68 years).

Seven studies [16, 17, 39, 42, 43, 49, 51] were included
in the meta-analysis. Overall, the intake of coconut oil
did not change LDL-C in comparison to other oils/fats
(Fig. 3).

Coconut oil intake did not increase LDL-C as compared
to PUFA-rich oils, SFA-rich oils/fats, and MUFA-rich oils
(Fig. 3a).

We performed subgroup analyses considering the type
of control group, gender, geographical region, studies
in subjects with overweight/obesity, time of follow-up
(<1 year vs.>1 year), and the presence of co-interven-
tions. These analyses did not explain the heterogeneity
between groups and showed no changes in the direction
of the results (Supplementary Figures S18, S19, S20, S21,
S22, S23, S24, S25).

When analyzing the results of crossover studies, we
observed that the intake of coconut oil increases LDL-C
levels in comparison to butter, lard, and other oils [18, 26,
40, 41, 44-48, 50].

HDL-C Seventeen studies analyzed the effects of coco-
nut oil on HDL-C [16-18, 26, 39-51]. These studies
included 515 participants (50% females, 18 to 68 years).

Seven studies [16, 17, 39, 42, 43, 49, 51] were included
in the meta-analysis. Overall, the intake of coconut oil
increased HDL-C by 3.28 mg/dL (Fig. 3).

We also performed subgroup analyses considering the
type of control group, gender, geographical region,
time of follow-up (<year vs.>1 year), and studies in
overweight/obesity subjects (Figures S26, S27, S28,
§29, S30, S31, S32). These analyses did not explain the
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heterogeneity between groups. However, when analyzed
in different comparisons, the relative type of oil in the
control group and studies only conducted in women, the
significant increase in levels of HDL-C no longer existed.
An additional subgroup analysis demonstrated that a
significant increase in levels of HDL-C with coconut oil
intake in comparison to other oils/fats was only identi-
fied in studies that included lifestyle interventions (Figure
$33).

While analyzing the crossover studies [17, 25, 39, 40,
43-47, 49], we observed that the intake of coconut oil
increases HDL-C in comparison to butter, lard, and other
oils (data not shown).

Triglycerides Seventeen studies analyzed the effects
of coconut oil on TG levels [16-18, 26, 39-51]. These
studies included 515 participants (50% females, 18 to
68 years).

Seven studies [16, 17, 39, 42, 43, 49, 51] were included in
the meta-analysis. Overall, the intake of coconut oil did
not change TG levels (Fig. 3).

The effect of coconut oil on TG was also not significant in
comparison to MUFA-rich oils, PUFA-rich oils, and SFA-
rich oils/fats (Fig. 3c).

We performed subgroup analyses considering the type
of control group, gender, geographical region, studies in
overweight/obesity subjects, time of follow-up (<1 year
vs.>1 year), and the presence of co-interventions. These
analyses did not explain the heterogeneity between groups
and showed no changes in the direction of the results (Sup-
plementary Figures S34, S35, S36, S37, S38, S39, S40, S41).

Crossover studies [17, 25, 39, 40, 43—47, 49] showed that
the intake of coconut oil increases TG levels in compari-
son to butter, lard, and other oils.

Risk of bias and certainty of evidence
Detailed results of the assessment of risk of bias are sum-
marized in Supplementary Figures S42, S43, S44, S45,
S46. RCTs were overall rated either as having a high risk
of bias or presenting some concerns in all analyzed out-
comes. Risk of bias arose mainly from poor reporting
of the randomization process and from deviations from
intended interventions, in addition to carryover effects in
crossover trials.

The certainty of evidence was rated as very low due to
risk of bias and inconsistency in all analyzed outcomes,
as follows (Supplementary Table S7).
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a)LbL-C
Coconut oil Comparator

Author, year (control) Total Mean SD Total Mean SD Mean Difference MD 95%-CI Weight
Khaw 2018 (olive) 14 -3.48 18.95 30 -2.32 15.08 —i— -1.16 [-12.46; 10.14] 82%
Candido 2021 (olive) 8 -144 700 19 -3.74 16.56 —_— 230 [-6.59; 11.19] 9.6%
Assungao 2009 (soybean) 20 390 1357 20 2550 1497 —=— -21.60 [-30.46; -12.74] 9.6%
Oliveira 2018 (soybean) 6 -14.89 1153 19 -15.37 13.78 —— 0.48 [-10.63; 11.59] 8.3%
Vogel 2020 (soybean) 15 -11.47 2221 14 -557 2522 —'—}— -5.90 [-23.25; 11.45] 5.4%
Candido 2021 (soybean) 8 -144 700 17 -276 940 — 1.32  [-5.28; 7.92] 10.9%
Vijayakumar 2015 (sunflower) 99 0.75 875 99 3.52 12.69 - -277 [-5.81; 0.27] 12.6%
Oliveira 2018 (chia) 6 -14.89 1153 19 -42.53 22.65 —+—— 27.64 [13.90; 41.38] 6.9%
Oliveira 2018 (safflower) 6 -14.89 1153 19 -1537 9.35 —— 0.48 [-9.66; 10.62] 8.9%
Schwab 1994 (paim) 15 -1.93 652 15 -2.71 840 —_— 0.78 [-4.60; 6.16] 11.6%
Khaw 2018 (butter) 14 -3.48 1895 33 1276 18.56 —a— -16.24 [-28.01; -4.47] 7.9%
Random effects model 211 304 -1.67 [-6.93; 3.59] 100.0%
Heterogeneity: /% = 78%, 1% = 54.5358, p < 0.01 f T T !

-40 -20 20 40
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b)HDL-C

Coconut oil Comparator
Author, year (control) Total Mean SD Total Mean SD Mean Difference MD 95%-CI Weight
Khaw 2018 (olive) 14 10.83 11.21 30 3.87 5.80 — 6.96 [0.73;13.19] 7.6%
Candido 2021 (olive) 8 125 436 19 -1.21 584 T 246 [-1.54; 6.46] 10.1%
_
Assungdo 2009 (soybean) 20 320 503 20 -6.50 6.41 — 9.70 [6.13;13.27] 10.6%
Oliveira 2018 (soybean) 6 267 572 19 -0.53 3.37 e 320 [-1.62; 8.02] 9.1%
Vogel 2020 (soybean) 15 3.67 8.08 14 -3.79 10.92 7.46 [0.43;14.49] 6.8%
Candido 2021 (soybean) 8 125 436 17 -3.67 8.04 e 4.92 [0.05; 9.79] 9.1%
Vijayakumar 2015 (sunflower) 99 242 462 99 362 10.21 - -1.20 [-3.41; 1.01] 12.1%
Oliveira 2018 (chia) 6 267 572 19 374 327 —a— -1.07 [-5.88; 3.74] 9.1%
Oliveira 2018 (safflower) 6 267 572 19 258 482 —. 0.09 [-4.97; 5.15] 8.8%
—

Schwab 1994 (palm) 16 -232 449 15 -1.93 7.14 —— -0.39 [-4.66; 3.88] 9.8%
Khaw 2018 (butter) 14 10.83 11.21 33 3.48 1044 g 7.35 [0.48;14.22] 6.9%
Random effects model 21 304 = 3.28 [0.66; 5.90] 100.0%
Heterogeneity: 12 = 74% , t° = 13.5391 , p < 0.01 f T T !

-20 -10 0 10 20
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C) Triglycerides

Coconut oil Comparator
Author, year (control) Total Mean SD Total Mean SD Mean Difference MD 95%-ClI Weight
Khaw 2018 (olive) 14 620 51.37 30 -2.66 23.92 e 8.86 [-19.38;37.10] 3.5%
Candido 2021 (olive) 8 -247 1744 19 -859 2881 7 6.12 [-11.60;23.84] 8.9%
_
Assung&o 2009 (soybean) 20 6.90 6200 20 1.00 47.99 B ER— 5.90 [-28.46;40.26] 2.4%
Oliveira 2018 (soybean) 6 -3256 2443 19 -24.94 28.28 P -7.62 [-30.94;15.70] 5.1%
Vogel 2020 (soybean) 15 -2.20 65.09 14 -16.28 81.66 ——> 14.08 [-39.91;68.07] 1.0%
Candido 2021 (soybean) 8 -247 1744 17 -865 2874 — 6.18 [-12.06;24.42] 8.4%
Vijayakumar 2015 (sunflower) 99 -5.64 35.07 99 1.03 22.06 - -6.67 [-14.83; 1.49] 41.9%
Oliveira 2018 (chia) 6 -3256 2443 19 -49.74 26.36 I 17.18 [-5.68;40.04] 5.3%
Oliveira 2018 (safflower) 6 -3256 2443 19 -35.63 2347 — 3.07 [-19.14;25.28] 57%
<

Schwab 1994 (palm) 15 -3.54 2419 15 -354 12.71 — 0.00 [-13.83;13.83] 14.6%
Khaw 2018 (butter) 14 620 5137 33 -0.09 31.89 B 6.29 [-22.74,35.32] 3.3%
Random effects model 211 304 -0.24 [-5.52; 5.04] 100.0%
Heterogeneity: 1>=0%, =0, p =0.72 f T T f T T !

-60 -40 -20 0 20 40 60

favor coconut oil

favor comparator

Fig. 3 Forest plots of RCTs analyzing the effects of coconut oil intake on the lipid profile. a LDL-C, mg/dL; b HDL-C, mg/dL; c Triglycerides, mg/dL.
Individual trial-specific estimates and their 95% Cls are indicated by the black dots and the horizontal line, respectively. The center of the diamonds
indicates the pooled estimates and the width of the diamonds indicate the corresponding 95% Cl
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Discussion

This systematic review and meta-analysis of RCTs shows
that, compared with the dietary consumption of other
types of oils and fats, the intake of coconut oil is not supe-
rior in reducing body weight or abdominal circumference
nor in changing body composition, LDL-C levels, TG, and
TC/HDL-C ratio. Subgroup analyses comparing coco-
nut oil with different types of oils based on their fatty acid
composition have also confirmed our findings. However,
increased levels of HDL-C were observed with the intake of
coconut oil in comparison with that of other oils and fats.

Regarding the outcomes that were not included in
meta-analyses, only two [17, 43] of the seven studies
included in the systematic review that assessed glycemic
control had the appropriate minimum follow-up time to
analyze changes in HbAlc measures, given that the opti-
mal timeframe to analyze alterations of HbAlc after die-
tary interventions is 12 weeks. Individual data from these
studies do not suggest an impact of coconut oil intake on
fasting glycemia, HbA1c, and estimates of -cell function
and insulin sensitivity, in line with findings from other
previously published meta-analyses [29, 52].

Unlike other meta-analyses [28, 29, 52], we included
studies that evaluated the effect of coconut oil on arterial
blood pressure and we observed higher levels of systolic
and diastolic blood pressure when coconut oil was com-
pared with a placebo. When comparing coconut oil with
olive oil and butter, only diastolic blood pressure levels
increased [18, 39]. Despite scarce data addressing the
effect of coconut oil on blood pressure, a cross-sectional
study conducted in Southern India using a seven-day
food survey found that the intake of coconut oil is associ-
ated with a higher risk of hypertension [53]. Although the
mechanisms related to this finding remain unclear, foods
rich in SFAs, such as coconut oil, can induce the devel-
opment of central adiposity and insulin resistance, both
phenomena related to the development of hypertension,
which might explain these findings [11-14, 54].

Regarding markers of subclinical inflammation, as in
other published meta-analyses [29, 52], we did not find
a reduction in US-CRP with the intake of coconut oil in
comparison to soybean oil, olive oil, and butter. Studies
that evaluated the antioxidant potential effect of coconut
oil are mostly performed in vitro, and their data should
not be extrapolated to clinical practice [55]. Among
the SFAs, lauric acid, which is roughly 50% of coconut
oil composition, has the greatest inflammatory poten-
tial, resulting in an unfavorable rationale for conducting
experimental studies evaluating the effect of the dietary
consumption of coconut oil for this aim [56].

In line with previously published meta-analyses [28, 29,
52], we observed an increase in HDL-C levels with coco-
nut oil in comparison with other oils and fats, which was
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also confirmed while comparing coconut oil intake with
oils rich in MUFAs and PUFAs. These findings may be a
result of its composition being predominantly made up
of SFAs, resulting in a superior increase in HDL-C lev-
els compared to oils/fats rich in MUFAs and PUFAs [29,
57]. However, neither Mendelian randomization analyses
looking at genetic variants related to higher HDL lev-
els [58], nor a meta-analysis of 108 RCTs evaluating the
effects of different interventions that increase HDL-C lev-
els [59] demonstrated that this increment protects against
cardiovascular disease. In fact, dietary fat both increases
transport rate and decreases the fractional catabolic rate
of HDL cholesterol esther and apo A-I, intensifying the
reverse cholesterol transport, only as an adaptation to
the high load of a high fat diet [60, 61]. However, the con-
sumption of SFA-rich oils, such as coconut oil, may not
increase the apolipoprotein E-rich sub-fractions, which
are mediators of cholesterol’s reverse transport, a main
mechanism by which HDL-C exerts its cardio-protective
effects [62]. Thus, it does not seem reasonable to advise
the intake of coconut oil based on a possible protection
against CVD derived from its effect on HDL-C.

An increase in plasmatic levels of HDL-C was observed
with coconut oil intake compared with other oils while
analyzing different studies (Fig. 3b), which could be
explained by the fact that, in most of those studies, par-
ticipants were exposed to co-interventions, including diet
[16, 42, 43, 49, 51] and physical activity [16, 43] — which
may have a significant impact on HDL-C levels [58, 59].
In fact, in one of these studies, participants significantly
lost more weight, and, in two of them, there was a greater
reduction in waist circumference with coconut oil com-
pared to soybean oil. These results may have been driven
by the real impact of coconut oil on HDL-C levels and
may explain the heterogeneity that was found [16, 43].

In this review, changes in body weight were similar
between coconut oil and other oils. In only one study, the
group receiving coconut oil lost more body weight [16].
This result might be explained by the introduction of sys-
tematic error due to an imbalance of co-interventions,
which might have been introduced as a result of lack of
blinding of the staff who applied the lifestyle interven-
tions. Similary, among the five studies which analyzed the
impact of coconut oil in comparison to other oils/fats on
central obesity, the two studies which demonstrated that
the coconut oil group had a more significant reduction
in waist circumference also applied lifestyle co-interven-
tions in a similar manner, possibly resulting in the same
forementioned systematic error [16, 43]. Subgroup analy-
ses for studies regarding co-interventions have shown no
differences in changes of body weight and waist circum-
ference between coconut oil and diet interventions with
other oils (Supplementary Figure S33 and S15).



Duarte et al. Lipids in Health and Disease (2022) 21:83

Previous meta-analyses [29, 52] found higher LDL-C lev-
els with the consumption of coconut oil in comparison with
the intake of other oils and fats. These two reviews included
crossover trials, and, in one of them [29], oils used in dif-
ferent arms causing very distinct responses in LDL-C lev-
els were grouped as a single intervention against coconut
oil [16]. We believe that this may explain the differences in
findings between our meta-analysis and previously pub-
lished ones. In line with our findings, Teng et al. (2020), in
their analysis comparing coconut oil to other oils, did not
find differences in levels of LDL-C, either [28]. Similar to
what was found previously [29, 52], we also did not iden-
tify differences in changes of TG levels, TC/HDL-C ratio,
LDL-C/HDL-C ratio, and body composition between the
consumption of coconut oil and other oils/fats.

LDL-C concentration is one of the main targets for
cardiovascular protection. However, some subtypes of
LDL-C, especially the slow dense LDL-Cs, have been
associated with a higher risk of atherogenesis [63]. Lipo-
protein (a) (Lp[a]), a genetic variant of LDL, has also
gained attention because of its considerable dyslipidemic
potential [64]. There is still no clear evidence that reduc-
ing Lp(a) levels results in protection for cardiovascular
outcomes [65], nor do we know how nonpharmacological
treatments affect Lp(a) [66]. It seems that a healthy life-
style can promote favorable changes in subclasses of lipo-
proteins [67], and that the characteristics of fatty acids
could influence these changes [68].

None of the studies included in this systematic review
assessed the subclasses of lipoproteins or Lp(a). However,
a crossover trial including 31 women evaluated the effect
of three different margarines, one of them containing
80% coconut oil, on plasma postprandial levels of some
hemostatic variables and on fasting Lp(a). Data from only
11 subjects were evaluated, and there was a statistically
significant reduction in Lp(a) in the margarine with coco-
nut oil per se, and the total dietary composition (espe-
cially carbohydrates and total fat) was different between
groups, which can influence the results [66]. New RCTs
with higher methodological rigor are needed to confirm
the potential of coconut oil in reducing Lp(a).

It is important to highlight that published meta-anal-
yses about the topic included crossover studies with
methodological limitations. In this meta-analysis, we
only included crossover RCTs when it was possible to
determine the order of the interventions and where the
baselines and final averages of each arm were available.
We then obtained the initial and final values of each out-
come in each arm of the study before the participant was
allocated to the other arm. This reduces the chance of the
residual effects (carry-over) of the former intervention on
the next one [36]. We contacted the authors of crossover
studies and received these data from the authors of one
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study, which we included in our analysis [51]. In addition
to that, we included two new RCTs [42, 49] that had not
been included in the most recent meta-analysis [52].

This systematic review has some limitations. Gener-
ally, studies presented a small sample size with a short
follow-up, which limits the analysis of the effects of a
dietary intervention on cardiometabolic parameters.
Therefore, the results must be interpreted with cau-
tion. Moreover, there was a limited number of studies
analyzing the effect of the consumption of coconut oil
on parameters other than lipid profile and body weight,
such as body composition and glycemic and inflamma-
tory profiles. The included studies also differ consider-
ably from each other regarding population size and
gender composition, time of follow-up, daily quantity of
coconut oil consumed, type of coconut oil (virgin, extra
virgin), product/vehicle for consumption (e.g.: as a cap-
sule, as a supplement, heated as oil to cook with, or in
preparations such as for muffins or crackers). Although
this makes it difficult to compare different interventions,
we were able to perform subgroup analyses comparing
coconut oil with oils/fats with different fatty acid content
in their compositions: SFA-, MUFA-, and PUFA-rich
oils/fats. We also performed subgroup analyses accord-
ing to the presence of other dietary interventions and/or
physical activity, which may influence the effects attrib-
uted to coconut oil on the cardiometabolic parameters
which were analyzed.

Up until now, the scientific community has lacked
studies with a long-term follow-up and with a significant
number of participants that evaluate the effect of coconut
oil consumption on cardiovascular outcomes.

Conducting new RCTs examining cardiovascular safety
comparing coconut oil with PUFA- and MUFA-rich oils
evaluating traditional markers does not seem to be justi-
fiable even though coconut oil is part of the diet in South
Asian countries [20-22]. Moreover, in Western coun-
tries, stimulating the consumption of SFA-rich oils to the
detriment of PUFA- and MUFA-rich oils may lead to an
excessive intake of SFAs in populations that already have
a diet rich in them [69].

Conclusions

The dietary consumption of coconut oil instead of the
consumption of PUFA- and MUFA-rich oils with well-
established cardio-protective effects should not be
encouraged in societies that are not used to consuming it.
Moreover, educational strategies should be implemented
to make populations, especially those used to consum-
ing coconut oil, aware of the potential risks related with
this intake. These populations should also be informed
and encouraged to replace it with cardio-metabolically
healthy options linked with a reduction in rates of CVD.
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